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Effects of uninephrectomy and high protein feeding in cyclosporlne
nephropathy. Using a recently described rodent model of chronic
cyclosporine nephropathy (CCN), the effects of uninephrectomy (UNx)
and high protein feeding on the development of CCN were studied.
After 28 days of i.p. cyclosporine (Cs; 25 mg/kg/day) in UNx and sham
nephrectomized (SNx) rats, the single kidney GFR was higher in UNx
animals (0.55 0.09vs. 0.29 0.05 mI/mm, P <0.04) as was RPF (3.05
0.46 vs. 1.45 0.37 mI/mm, P < 0.04). Morphometric evaluation of
the chronic tubulointerstitial lesion (TI) demonstrated lower scores and
relative protection in the UNx group (16.48 3.52 vs. 64.76 18.30, P
< 0.01). In separate groups of rats undergoing UNx or SNx and
subsequent treatment with Cs, dry kidney weights confirmed that
compensatory renal hypertrophy was present in UNx animals. The
modulating effect of dietary protein on the lesion of CCN was studied in
UNx rats fed a 5% or 60% protein diet during the period of Cs
treatment. At the end of the study period animals fed the high protein
diet demonstrated a higher RPF (3.19 0.58 vs. 1.58 0.29 mI/mm, P
<0.04), higher GFR (0.55 0,07 vs. 0.35 0.04 mI/mm, P < 0.05) and
lower TI score (64.45 17.35 vs. 130.32 23.48, P < 0.04) when
compared with animals consuming a low protein diet. We conclude that
the relative renal vasodilation induced by partial ablation of renal mass
and high protein feeding affords some protection against the develop-
ment of CCN.
Chronic cyclosporine nephropathy (CCN), characterized in
humans by interstitial fibrosis, tubular atrophy and arteriolop-
athy, is a progressive lesion which may lead to irreversible renal
failure [1—3]. This adverse consequence notwithstanding, cy-
closporine has been hugely successful in the arena of organ
transplantation, and indications for its use are widening to
include a number of autoimmune diseases, such as uveitis,
rheumatoid arthritis, and psoriasis. Therefore, the number of
patients receiving cyclosporine will continue to grow and CCN
will become increasingly common. Efforts to understand the
lesion of CCN have been impeded by lack of an animal model
suitable for study, but we have recently reported a model of
CCN in male Sprague-Dawley rats with features of CCN noted
in humans [4]. CCN is produced by daily intraperitoneal injec-
tion (i.p.) of 25 mg/kg cyclosporine for 28 consecutive days.
Intraperitoneal administration of Cs is thought to result in the
lesion of CCN whereas oral administration does not, because of
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the significantly higher peak levels of parent compound
achieved by the i.p. route. Using this model the relative
susceptibility to CCN of animals with either a single or two
kidneys was examined. This was done in an effort to understand
whether a single functioning kidney (such as in a renal trans-
plant recipient) is more susceptible to cyclosporine (Cs) injury
than the intact kidneys of non-renal transplant recipients or
others receiving cyclosporine. The single kidney model is more
appropriate for the study of drug nephrotoxicity than a trans-
plant model in that the transplant is denervated and subject to
acute tubular necrosis and immune mediated injury. These
confounding variables are eliminated by studying uninephrec-
tomized and sham nephrectomized animals.
One hypothesis explaining CCN is that functional and/or
anatomic changes in preglomerular arterioles resulting in com-
promised blood flow produces ischemia of the tubulointerstitial
compartment leading to tubular atrophy and interstitial fibrosis
[5]. If this is so, then the compensatory hemodynamic changes
in the kidney remaining after uninephrectomy (UNx; which
include increases in renal blood flow [RBFI and parallel de-
creases in arteriolar resistances) would be expected to attenuate
the manifestations of CCN. High protein feeding results in
similar renal hemodynamic changes (increased RBF, decreased
arteriolar resistances), and therefore may affect CCN in a
fashion similar to UNx.
Methods
Nine groups of age-matched male Sprague-Dawley rats were
used to investigate the effect of UNx and dietary protein
modulation on the development of CCN (Table 1). Animals
weighing approximately 250 g underwent UNx or sham ne-
phrectomy (SNx) in the following manner: under ether anesthe-
sia a right subcostal incision was made, the right kidney was
quickly isolated, the vascular pedicle clamped, and a 3.0 silk
ligature tied proximal to the clamp. The kidney was then
removed with care to leave the adrenal gland intact. Absorbable
chromic suture was used to close the wound. Sham nephrec-
tomy (SNx) was performed in a similar manner except that the
kidney was simply manipulated and left intact. Cyclosporine
(Cs) at a dose of 25 mg/kg/day by the intraperitoneal route (i.p.)
was begun two weeks after surgery in group IV (SNx) and
group V (UNx) and continued for 28 days. In group VI (UNx),
Cs was begun the day following surgery, and group VII re-
ceived only an equivalent volume of the olive oil vehicle
(Pompeian, Inc., Baltimore, Maryland, USA) i.p. for 28 days.
194
Gil/mn et 0/: UNx and high protein feeding in CCN 195
Table 1. Summary of experimental groups
Group Explanation
I, II, III (all UNx) These animals were studied to evaluate
compensatory renal hypertrophy under the
influence of Cs. Animals in all groups
underwent UNx at the beginning of the
protocol and wet/dry weights of kidneys
were measured. At the end of 28 days of
Cs wet and dry weights of the remaining
kidney in each animal were determined.
Animals in group II consumed a 60%
protein diet, while animals in group III
consumed a 5% protein diet.
IV (SNx) Sham nephrectomized rats treated with Cs
beginning 2 weeks after SNx. Clearances
measured at end of protocol, and kidneys
submitted for histologic evaluation.
V (UNx) Uninephrectomized rats treated with Cs
beginning 2 necks after UNx. Clearances
measured at end of protocol and kidneys
submitted for histology.
VI (UNx) In this group Cs was begun the day following
UNx.
VII (vehicle) Animals in this group were treated with olive
oil vehicle for 28 days. Inulin and PAH
clearances were measured and kidneys
submitted for histologic evaluation.
VIII (UNx, high Cs was begun the day after UNx in this
protein) group, and a 60% protein diet was begun
the day of surgery.
IX (UNx, low protein) Protocol identical to VIII except that 5%
protein diet instituted.
Food intake for any given animal in groups IV, V. VII was
restricted to the smallest daily amount consumed by a Cs
treated rat of comparable body weight; animals in group VI
were not pair fed, but at the end of the protocol food consump-
tion was not different from other Cs treated groups. For the
above protocols animals were fed standard rat chow (Wayne
Rodent Blox, Wayne Ped Food Div., Chicago, Illinois, USA)
and permitted ad lib intake of tap water. At the end of 28 days
animals were prepared for clearance studies.
For study of the effects of modulation of dietary protein on
the development of experimental CCN two additional groups of
rats were investigated: group VIII underwent UNx and was
immediately begun on a diet containing 60% protein (Ralston
Purina Co. Test Diets, St. Louis, Missouri, USA), while group
IX also underwent UNx and was begun on a diet containing 5%
protein (Ralston Purina Co.). The diets were isocaloric and
animals in the high and low protein groups were pair fed. Cs
was begun the day following surgery at a dose of 25 mg/kg/day
by the i.p. route and continued for 28 days. The protocols were
well tolerated, and only a few rats developed wound infections;
these animals were sacrificed early and were not considered in
the final results.
Three additional groups of rats were studied for determina-
tion of the influence of Cs on compensatory hypertrophy of the
remaining kidney. Group I underwent right UNx as described,
and both wet and dry weights of the kidneys were obtained.
These weights were compared with the wet and dry weights of
the left kidneys which were removed after completing 28 days
of i.p. Cs at 25 mg/kg/day. For measurement of dry weight,
kidneys were frozen in liquid nitrogen, Iyophilized overnight in
a refrigerated vacuum pump (Thermovac T, Welch Scientific
Co., Skokie, Illinois, USA), and weighed the next morning.
Groups II and III were treated in identical fashion to group I,
except that group II received a 60% protein diet throughout the
experimental period, while group III received a 5% protein diet.
At the end of the 28 days of Cs animals in groups IV through IX
were prepared for clearance studies. Anesthesia was achieved
with pentobarbital (30 mg/kg) i.p., tracheostomy was per-
formed, and polyethylene catheters were placed in the right
jugular vein and right femoral artery to permit inulin and PAH
infusion, BP measurement, and blood withdrawal. Inulin
(Sigma Chemical Co., St. Louis, Missouri, USA) was dissolved
in Ringers solution and the infusion rate resulted in a plasma
inulin concentration of 50 to 100 mg/dl. Initially, 1 ml was
infused rapidly to replace surgical losses, and subsequently the
infusion was maintained at 2 mI/hr. The left kidney was reached
through a left subcostal incision, and the ureter cannulated with
a section of PE 10 tubing (Clay Adams, Parsippany, New
Jersey. USA). Two successive timed urine collections into 50 pi
microcaps (Drummond, Pennsylvania, USA) were made, and
blood was drawn from the femoral artery between collections.
BP was monitored continuously with a P231D Gould transducer
(Gould Instruments, Oxnard, California, USA) and recorded on
a Gould pressure monitor #SPI4O5. At the end of the second
urine collection, 3 ml of blood was collected for determination
of cyclosporine level, plasma creatinine and blood urea nitrogen
(BUN). The kidneys were removed immediately, weighed and
processed for study by light and electron microscopy.
histologic methods
Each kidney was bisected sagitally, and one-half was imme-
diately fixed in 4% neutral, buffered formalin; a thin strip of
tissue including the entire thickness of cortex and medulla was
taken from the other half, minced to less than 1 mm3 pieces and
fixed immediately in 3% glutaraldehyde at 4°C. The remainder
was snap frozen at —70°C. In a pilot study, immersion and
perfusion fixation of the experimental rat kidneys were com-
pared and found to be similar for the morphologic alterations
under study. Thereafter, only immersion fixation was used.
For light microscopy (LM), the formalin fixed tissue was
embedded in paraffin, sectioned at 2 m and stained routinely
with hematoxylin and eosin (H&E), periodic acid Schiff (PAS)
and Masson's trichrome stains. The snap frozen tissue was cut
at 5 m and stained for neutral fat by oil-red-o. Histochemical
stains for alkaline and acid phosphatase were also performed on
frozen tissue. For electron microscopy (EM), the glutaralde-
hyde fixed tissue was post-fixed in osmium tetroxide and
embedded in Spurr's resin; survey sections were cut at 1 sm
and stained with toluidine blue; thin sections were stained with
lead citrate and uranyl acetate and examined with a JEOL 100C
electron microscope (JEOL, Tokyo, Japan).
Morphometry
Each kidney was coded and evaluated for histologic alter-
ations by a pathologist who had no knowledge of the experi-
mental conditions. A LM scoring system was devised as
follows: An inclusion index (CI) reflecting numbers of cytoplas-
mic inclusions in proximal tubule cells was graded as 0
(normal), I (minimal), 2 (mild), 3 (moderate), and 4 (severe).
The juxtaglomerular apparatus index (JGI) was defined as the
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Table 2. Compensatory renal hypertrophy during cyclosporine treatment
Group
Wet weight g Dry weight g
Right Left Right Left
I (UNx) N = 5
P
II (UNx, high protein) N = 7
P
III (UNx, low protein) N 7
P
1.44 0.07
1.13 0.05
1.17 0.03
1.64 0.08
1.46 0.03
0.87 0.10
0.29 0.02
0.24 0.02
0.24 0.02
<0.005
<0.001
NS
0.41 0.02
0.38 0.01
0.22 0.03
Data expressed as mean SEM, Right kidneys removed at start of protocol and left kidneys removed after 28 days of Cs at 25 mg/kg/day. Group
I, UNx; Group II, UNx, 60% protein diet; Group III, UNx, 5% protein diet.
Table 3. Functional parameters for sham and uninephrectomized groups on cyclosporine
Single
Group
BP
mm Hg
kidney
GFR
mi/mm
GFR/
LKW
mi/minig
RPF
mi/mm
RPF/
LKW
mi/minig
Serum
creatinine
mg/di
Serum
albumin
g/di
BUN
mg/dl
Cs
ng/ml
IV (SNx)N = 10 90 5 0.29 o.osa 0.23 0.09a 1.45 0.37a 1.19 0.31a 0.9 0.1 2.85 0.14 49 25 4,700 500
V and VI (UNx) 91 3 0.55 0.09 0.41 0.08 3.05 0.46 2.34 0.40 1.1 0.1 — 55 3 5,100 50
N = 16
VII (vehicle control) 100 8 0.59 0.09 0.54 0.09 3.27 0.09 2.89 0.86 0.4 0.1I 2.95 0.26 5"
N = 10
Values are mean SEM. Abbreviations are: GFR, glomerular filtration rate; RPF, renal plasma flow; LKW, left kidney weight; Cs, cyclosporine.
a P < 0.04 compared to UNx and control.
b P < 0.01 compared to UNx, SNx.
percentage of glomeruli showing a hypertrophic juxtaglomeru-
lar apparatus (JGA). To calculate this index, all glomeruli seen
in a representative section of a sagitally bisected kidney (usu-
ally around 300) were examined. Those glomeruli with vascular
poles were then totalled, and the JGI represents the percentage
of glomeruli with vascular poles which also demonstrated JGA
hypertrophy. The vacuolization index (VACI) was defined as
the number of foci of proximal tubular cell vacuolization
without associated interstitial damage per unit of surface area
(cortex and outer stripe of outer medulla). The measurement of
surface area was made on a planimeter. The chronic tubuloin-
terstitial index (TI) was calculated as for the VACI, except that,
now discrete foci of tubular atrophy and interstitial fibrosis with
or without inflammation were counted, and expressed per unit
of surface area.
Analytic techniques
Plasma and urine inulin were measured by the methods of
Krees, Baukal and Wolff [61 and Roc, Epstein and Goldstein
[7]. Dilutions were performed by hand, and the samples were
measured on a Gilford Response Spectrophotometer (Ciba-
Corning, Oberline, Ohio, USA). PAH in plasma and urine was
measured by the method of Krees et al [6]. Serum creatinine
was measured in duplicate using a Beckman Creatinine Ana-
lyzer 2 (Beckman Instruments, Fullerton, California, USA).
Trough whole blood cyclosporine levels were measured by the
radioimmunoassay technique described by Donatsch and col-
leagues [81. Briefly, 3 ml of blood was collected into a heparin-
ized tube at the end of each clearance study, and cyclosporine
concentration was determined by competition binding using
cyclosporine 3H tracer and the polyclonal cyclosporine anti-
body (Sandoz Ltd., Basel, Switzerland). Statistical compari-
sons were made using the Student's t-test or analysis of
variance and the method of least significant difference for
multigroup comparisons. Linear regression analysis was per-
formed by the method of least squares.
Results
Compensatory hypertrophy of the remaining kidney was not
prevented by Cs. Mean weight of the left kidneys following
UNx and 28 days of Cs was significantly greater than that of the
right kidneys for all groups except IX (low protein diet). This
was true whether Cs was begun immediately after UNx, or two
weeks later. Kidney dry weights were measured in separate
groups of rats (I, II, III) after UNx and Cs therapy as further
confirmation of compensatory hypertrophy. After 28 days of Cs
begun immediately following UNx (group I), dry left kidney
weight was 0.41 0.02 vs. 0.29 0.02 g for the right kidneys.
High protein feeding of UNx animals on Cs resulted in com-
pensatory renal hypertrophy, as measured by wet and dry
weights, while low protein (5%) feeding prevented hypertrophy
(Table 2). Cs animals tended to be mildly hypotensive in all
groups, but this did not achieve statistical significance. Inulin
clearance measured in the left kidney in groups IV through VII
was lowest in group IV (SNx) (Table 3). The depression of GFR
in group IV (SNx) was striking when compared with intact
animals treated with olive oil (0.29 0.05 vs. 0.59 0.09
mL/min), however, GFR in groups V and VI (UNx) was not
different from that of vehicle treated controls. Mean GFR and
RPF were greater in both groups of Cs treated UNx rats (groups
V, VI) than in the left kidney of SNx rats, presumably reflecting
the hemodynamic changes of compensatory hypertrophy. Re-
sults of GFR and RPF determinations were virtually identical in
groups V and VI, and therefore are combined in Table 3. In
general, changes in the renal plasma flow (RPF) paralleled the
changes in GFR with the greatest reduction present in group IV
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Table 4. Cyclosporine induced histologic changes in UNx and SNx
animals
TI VACI JGI
IV (SNx) 64.76 18.30 48.18 16.57 57.21 4.21
V + VI (UNx) 16.48 3.52a 16.56 3.56a 47.82 2.69
VII (vehicle control) 2.40 066b 1.70 130b 9.60
Data expressed as mean SEM. Morphometric scoring of tubuloin-
terstitial lesion (TI), tubular vacuolization index (VACI) and juxtaglo-
merular apparatus index (JGI). TI represents the number of discrete
foci of interstitial fibrosis and tubular atrophy; VACI represents the
number of foci of tubular vacuolization and JGI represents the percent
of vascular poles involved with JG apparatus hypertrophy.
a P < 0.01, vs. group IV.b p < 0.005, vs. group IV.
(SNx) animals (Table 3). Blood urea nitrogen (BUN) levels
were notably elevated in all Cs treated groups, but were not
different between UNx and SNx groups. Plasma creatinine was
significantly elevated in all Cs treated groups when compared
with controls (group VII). Among the Cs treated animals
creatinine tended to be slightly higher in group V, but this
difference did not achieve statistical significance. Whole blood
Cs levels were not statistically different among the treated
groups.
Histologic scoring of the Cs induced lesion is displayed in
Table 4. Because histologic scores in groups V and VI were
similar they have been combined into one group (UNx). Two
groups of UNx (V, VI) animals were studied because of earlier
literature suggesting that Cs limited compensatory hypertrophy
and the accompanying hemodynamic changes [91. In that case
some differences would be expected in the manifestations of Cs
nephrotoxicity in the group in which hypertrophy had pro-
ceeded for two weeks compared with a group in which hyper-
trophy had been prevented. However, we did not observe any
differences in the extent of compensatory hypertrophy, func-
tion, or histology between groups V and VI. The tubulointer-
stitial score (TI) represents the number of discrete foci of
tubular atrophy with associated interstitial fibrosis per unit
surface area, and the mean score was significantly higher in
SNx animals (64.76 18.30 vs. 16.48 3.52, P < 0.005).
Furthermore, the vacuolization index (VACI) expressing the
numbers of foci of proximal tubule vacuolization per unit
surface area also demonstrates relative sparing in UNx groups
(16.5 3.42 vs. 48.18 16.57, P < 0.01). Areas of tubule
vacuolization were physically distinct from areas of chronic
tubulointerstitial damage. Although the score for juxtaglomer-
ular apparatus hypertrophy (JGI) was lower in the UNx group
the difference was not significant.
High protein feeding resulted in higher values for RPF and
glomerular filtration in Cs treated UNx animals when compared
with protein restricted counterparts (Table 5), and as noted,
compensatory renal hypertrophy was stimulated in the high
protein group, but was not evident with protein restriction.
Injury to the tubulointerstitial compartment (tubular atrophy,
interstitial fibrosis) at the end of 28 days was less in the group
fed a high protein diet (64.45 17.35 vs. 130.32 23.48, P <
0.04) while changes of tubule vacuolization were the same in
each group. The extent of arteriolar involvement by JGA
hypertrophy (JGI) was notably different between the two
groups, being considerably diminished in the high protein group
(42.17 2.89 vs. 56.04 1.99, P < 0.005).
Discussion
Although Cs is well known to result in acute and chronic
reduction of glomerular filtration rate, the evidence of compen-
satory renal hypertrophy following uninephrectomy or high
protein feeding points out that vasodilatory influences must
partially overcome Cs induced vasospasm and hypofiltration
[10—121. This is based on the current understanding of the
process of compensatory renal hypertrophy which requires an
increase in single nephron filtration rate (SNGFR) to stimulate
the increase of RNA, protein, and phospholipid synthesis as
well as cell size of the proximal tubule epithelium [13—15].
Under the microscope the changes of hypertrophy are evident
as increased length, diameter, and volume of proximal tubules,
and although the entire nephron may be involved in the process
of hypertrophy, the effect on proximal tubules predominates
[14, 15]. Evidence of correlation between proximal tubular
hypertrophy and filtration rate is strong, and in remnant kidney
studies there is a direct correlation between GFR and hyper-
trophy [13—151. While the mechanism by which an increased
filtration rate provokes hypertrophy of proximal tubule cells
remains conjectural, the requirement for an increased filtration
rate seems established. Therefore, although Cs reduces renal
plasma flow and GFR, the demonstration of compensatory
renal hypertrophy following UNx and UNx with high protein
feeding in Cs treated animals argues for a sustained increase in
RPF and GFR over control values during the 28 days of Cs
administration. When measured at the end of 28 days of Cs
treatment, GFR and RPF were in fact greater in the remaining
kidney of UNx animals than in the individual kidneys of SNx
animals. Single kidney GFR in control rats (group VII) is lower
than expected for healthy animals, but there is a plausible
explanation. Dietary protein intake of control animals was
significantly curtailed because of pair feeding with the anorexic
Cs treated animals, and protein malnutrition is well recognized
as a cause of reduced RPF and GFR [16]. Furthermore, in this
study GFR was measured in the anesthetized state which may
have resulted in further compromise of renal function, Despite
these relatively low clearance values at the end of the experi-
mental protocol, indirect measures of renal function (S.,
BUN) were within the normal range.
Protein feeding has long been recognized as a cause of
increased renal blood flow and GFR, although by uncertain
mechanisms. In rats fed a high protein diet following UNx,
mean dry weight of the remaining kidney increased by 58%,
while in the low protein group there was an 8% decrease in dry
weight. GFR and RPF measured on day 28 were markedly
higher in the high protein group. This constitutes further
evidence that physiologic mechanisms leading to renal vasodi-
lation, enhanced filtration rate, and hypertrophy are intact
during Cs therapy.
Accompanying the increased filtration rates and compensa-
tory hypertrophy of single kidneys in Cs treated rats was a
relative sparing from irreversible histologic damage as assessed
by morphometric techniques (Fig. 1). Two thirds of the kidneys
from UNx animals had TI scores less than 16, reflecting mild
histologic change, while the lowest score among SNx animals
was 16 (Fig. 2). The highest TI score among UNx rats was 48.1,
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Table 5. Effect of dietary protein on cyclosporine-induced renal functional and histologic change in UNx rats
RPF
mi/minig
RPF
rn/mm
GFR
mi/minig
GFR
mi/mm TI VACI JGI
VIII High
N= 6
IX Low
N=6
P
2.18 0.43
1.31 0.24
<0.04
3.19 .58
1.58 0.29
<0.04
0.38 0.05
0.29 0.04
<0.05
0.55 0.07
0.35 0.04
<0.05
64.45 17.35
130.32 23.48
<0.04
60.85 26.16
54.58 9.62
NS
42.17 2.89
56.04 1.99
<0.005
Data expressed as mean SEM. Abbreviations are: tubulointerstitial index (TI), vacuolization index (VACI) and juxtaglomerular apparatus
index (JGI), GFR and RPF are expressed per gram of wet kidney weight.
but in the SNx group 50% of the scores were greater than 48,
and 3 of these were remarkably higher.
JGI was lower in the UNx group, although the difference did
not achieve significance; longitudinal sections of afferent arte-
rioles demonstrated hypertrophic JG cells extending the length
of the arteriole in many instances (Fig. 3). Compromise of
vessel lumina is evident in all JG lesions, and while no topo-
graphical relationship was evident between areas of interstitial
fibrosis and the arteriolar involvement, the reduction of total
cross sectional area is considerable and might contribute inde-
pendently to ischemic damage of the tubulointerstitial compart-
ment. Linear regression analysis (Fig. 4) including all kidneys
scored is suggestive of a relationship between arteriolar in-
volvement as measured by the JGI score and tubulointerstitial
damage as measured by the TI score. Whether the tubulointer-
stitial changes are in fact the result of anatomic changes in the
afferent arterioles is not known; both changes might simply
represent the intensity of Cs induced vasospasm over the
experimental period. Changes in arteriole wall tension mediated
by Cs could conceivably result in hypertrophy of JG cells, while
the reduction in blood flow over the experimental period could
lead to interstitial fibrosis. The absence of hypertension in our
Cs treated animals is consistent with the findings of other
investigators. Even in the spontaneously hypertensive rat
(SHR), Cs has been reported to result in blood pressure
reduction [17]. Although the blood pressure was lower in Cs
treated animals (all groups), the difference was not statistically
significant. To evaluate the possibility that the low blood
pressure was the result of volume depletion a separate group of
Cs treated rats (N = 5) was given 1% saline to drink. At the end
of 28 days of Cs and saline, blood pressure was not different
from Cs controls (96 5 vs. 93 4, NS).
The mechanism whereby the single kidney is relatively
.
Fig. 3. A hyperplas tic juxtaglomerular apparatus with several hyper-
trophic, PAS-positive, renin containing cells (arrows). md - macula
densa (Periodic acid Schiff stain x 620).
Fig. 1. Example of CCN in rats. Patchy areas of cyclosporine-induced
tubulointerstitial damage (asterisks) alternating with areas of intact
renal tissue (Periodic acid-Schiff stain X 93).
175
150
125
x
100
I
SNx UNx
Fig. 2. Morphometric scores of cyclosporine-induced tubulointerstitial
lesions (TI) in sham nephrectomized (SNx, N = 10) and uninephrecto-
mized (UNx, N = 15) animals.
.
.
.
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Fig. 4. Relation between juxtaglomerular apparatus hypertrophy (JGI)
and the tubulointerstitial lesion (TI) of CCN. Y = 2.23 x — 59.8, r =
0.44, P < 0.005.
spared from Cs induced interstitial damage is not known, but
the following hypothesis is suggested from the data. Cyclospo-
rifle induces vasospasm of the renal microcirculation, especially
at the level of the afferent arteriole, and this in turn leads to
ischemia of the tubulointerstitial compartment with resultant
interstitial fibrosis and tubule atrophy. Uninephrectomy ini-
tiates the phenomenon of compensatory hypertrophy which
depends upon an increase in renal plasma flow and glomerular
filtration rate. These compensatory hemodynamic changes op-
pose the Cs induced vasospasm, and result in attenuation of the
histologic lesion. Such an hypothesis is also supported by
evidence that Cs is not a tubular toxin [18]. Further support for
the hypothesis is found in the effect of modulation of dietary
protein on Cs-induced histologic changes. The mean score for
tubulointerstitial involvement was significantly worse in the
group consuming a low protein diet (130.32 23.48 vs. 64.45
17.35, P < 0.04), and the JGI was also higher; compensatory
hypertrophy was also prevented. High protein feeding is known
to increase RPF, GFR and to stimulate renal hypertrophy
[13—15]. These influences of high protein counteract the vaso-
spastic effects of Cs and result in relative sparing of the kidney.
Differences in blood Cs levels would not explain the varying
severity of the lesion in different experimental groups; Cs levels
were not different in UNx and SNx groups (5100 50 vs. 4700
500 nglml, NS), nor were they different in the groups fed high
and low protein diets. Because of the lipophilic nature of the Cs
molecule, the differing blood flows in the groups are not likely
to affect tissue concentrations of the drug; rather, the tissue
concentrations would be more dependent upon plasma levels of
Cs.
Convincing evidence for tubular toxicity of Cs is scant.
Tubular changes in this study were confined to proximal tubules
(convoluted and straight portions) and consisted of vacuoliza-
tion and inclusion bodies. These changes were not found in
areas of interstitial fibrosis, and the relationship of these tubular
changes to the interstitial lesion is not known. In studies of
UNx and SNx animals the score for vacuolization (VACI) was
significantly lower in the UNx group, however VI scores were
equivalent in the groups receiving high and low protein feeding.
Based on previous studies in which an identical tubular lesion is
present, but interstitial involvement is absent, it is possible to
conclude that the tubular lesion does not evolve into interstitial
fibrosis.
In conclusion, two interventions (UNx and high protein
feeding) which lead to renal vasodilation and stimulate renal
hypertrophy have been shown to attenuate Cs-induced intersti-
tial injury. This constitutes suggestive, but indirect evidence
that Cs injures the interstitium of the kidney by means of
intense and prolonged vasoconstriction of the renal microcircu-
lation.
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